Artificial (Synthetic) seed production along with microprpagation can solve many problems with regeneration of Stevia rebaudiana, which produce tiny and non-viable seeds. Shoot tips and axillary buds nodal segments were used from in vitro cultures for encapsulation. The explants were taken from green houses and tissue culture laboratory of AgriBiotech Research Farms, Lahore, Pakistan. Different concentrations of sodium alginate and calcium chloride affect the shape and germination of artificial seeds. A gelling matrix of 3% sodium alginate and 100 mM calcium chloride was found most suitable for the formation of firm, clear and isodiametric ideal beads. No effect of the duration of sodium alginate treatment on bead formation was observed. However, timing of CaCl 2 treatment proved to be crucial with 100 mM CaCl 2, treatment time of 15 min was suitable for isodiametric bead formation. The synthetic seeds pre-treated with KN0 3 germinated earlier than seeds without pretreatment with KNO 3. Root formation took place after 15 days of shoot formation without addition of any auxin. In liquid medium, the frequency of conversion was high. Frequency to plantlet conversion of synthetic seeds decreased gradually as the storage duration at 4°C increased. After 15, 30, 45 and 60 days of storage, frequencies to plantlet conversion from encapsulated and non-encapsulated segments were 86, 63, 50, 23.3 60.3, 40, 20.6 and 10%, respectively.
INTRODUCTION

Stevia rebaudiana Bert belonging to the family
Asteraceae is one of the most valuable medicinal plant native to the northeastern Paraguay ). An important aspect of plant is intense sweet taste of leaves, which is due to the diterpene glycosides, has called the attention to the plant. S. rebaudiana is one of the 154 members of genus Stevia which produce sweet steviol glycosides. Four major glycosides in the leaves of Stevia are stevioside (9.1%), rebaudioside A (3.8%), reduadioside C (0.6%) and dulcoside (0.3%), which are considered 110 to 270, 150 to 320, 40 to 60 and 30 times *Corresponding author. E-mail: aamirali73@hotmail.com.
Abbreviations: MS, Murashige and Skoog's medium; BAP, 6-benzylamino-purine; 2,4-D, 2,4 dichlorophenoxy acetic acid; IAA, indole acetic acid; NAA, α-naphthalene acetic acid. more sweeter than sucrose, respectively (Tanaka, 1997) . These carbohydrate based compounds are non-caloric and can be used as alternative sweeteners (Midmore and Rank, 2002) . These compounds can be used to treat flu, cold and additionally they have antihypertensive (Ferri et al., 2006) , antihyperglycemic (Gregersen et al., 2004) , anticancerous (Yasukawa et al., 2002) , antibacterial and antifungal properties (Cerda-Gercia-Rojas and PeredaMiranda, 2001 ). Excess use of many rare plant species, in phyto-pharmaceutics, endangers their survival. Stevia can regenerate from seeds, from rooting of plant stem touching the ground and from regeneration at the base of the plant. Seed germination in stevia is very poor as they are small sized, infertile and non-viable (Midmore and Rank, 2002) .
Propagation through seed results variability in characteristics like sweetening level, while vegetative propagation takes a long time for multiplication (Banerjee and Sarkar, 2008) . There is no large scale mechanized production of Stevia due to the previous mentioned problems. Considerable research efforts have been applied to vegetative propagation of Stevia including micropropagation. Synthetic seed technology is advancement in micropropagation (Naik and Chand, 2006) . Encapsulation of germplasm along with micropropagation can be used for in vitro conservation of endangered species (West et al., 2006) . Synthetic seed consists of encapsulation matrix such as sodium alginate and vegetative part of plant like shoot tips, axillary buds and somatic embryos. The concept of encapsulation was first presented by Murashige (1997) using somatic embryos. However, axillary buds and shoot tips can also be used for synthetic seeds (Sarkar and Naik, 1997) . Synthetic seed technology is most effective alternation for the conservation of those plant species which produce non viable seeds and difficult to propagate by other means (Daud et al., 2008) . The potential advantages of this technology include genetically identical, virus free germplasm, ease in transportation, long term storage and low cost of production (Ghosh and Sen, 1994) .
Synthetic seed technology can be considered as effective alternative conservation technique for endangered rare plants like Stevia which cannot be efficiently propagated by other means. The main objective of this study was to develop efficient system for synthetic seed production of Stevia and their germination in to plants for further propagation.
MATERIALS AND METHODS
Explant
Shoot tips and nodal segments (3 to 5 mm) excised from one month old in vitro grown plant of Stevia was used as explant for the production of synthetic seeds.
Encapsulation
For encapsulation gel matrix of sodium alginate solution was prepared in the range of 1, 2, 3, 4 and 5% in MS medium and calcium chloride solution, as complexing agent was prepared in the range of 50, 100, 150 and 200 mM in distilled water. Both the gel matrix and complexing agent (calcium chloride) were autoclaved. Encapsulation was initiated by mixing shoot tips and nodal segments into sodium alginate solution for 10 minutes with gentle shaking and accomplished by dropping them in the calcium chloride solution so that each drop contained single explant. The beads were kept for 15 to 20 min in the calcium chloride solution for complete polymerization of alginate. Finally, these beads were washed three times with sterile distilled water to remove all the traces of calcium chloride.
Storage of encapsulated shoot tips and nodal segments
Non-capsulated and capsulated shoot tips and axillary buds were stored at room temperature and at 4°C in sterile distilled water in refrigerator for the duration of 0, 15, 30, 45, 60 and 75 days.
Pretreatment and germination of synthetic seeds
Before germination, stored synthetic seeds were treated with 200 mM KNO3 with gentle shaking for 5 min. After rinsing with sterile distilled water they were treated with 1.0 mgl -1 of GA3 for 2 min. Its performance was compared with normal synthetic seeds without pretreatment. For germination, synthetic seeds were transferred to the cultured vessels having MS medium with and without growth regulators. The pH of the medium was adjusted to 5.75. Cultures were maintained at 25°C with photoperiod of 16/8 h light/dark under 50 μ.mol m -2 s -1 from white fluorescent tubes. The entire process of encapsulation was carried out in sterile conditions in laminar air flow cabinet.
Experimental design and data analysis
The frequency of plantlet conversion was calculated as the percentage of encapsulated and non encapsulated shoot tips showing well developed plantlet formation. In all experiments, 10 replicates were used and each experiment was repeated thrice. Analysis of variance (ANOVA) depicting significance among means was calculated by Duncan's multiple rang test (Steel and Torrie, 1980) .
RESULTS AND DISCUSSION
Encapsulation of shoot tips and nodal segments
Effect of sodium alginate and calcium chloride concentration
Different concentrations of sodium alginate and calcium chloride have been reported to affect the shape and germination of artificial seeds. In present study, a gelling matrix of 3% sodium alginate and 100 mM calcium chloride was found to be most suitable for formation of firm, clear and isodiametric ideal beads (Table 1) . At lower concentrations of sodium alginate (1 to 2%) and calcium chloride (50 mM), beads were fragile, too soft to handle and failed to form isodiametric and defined shaped, while at higher concentrations of sodium alginate (4 to 5%) and calcium chloride (150 to 200 mM), beads were isodiametric but were hard enough to cause considerable delay in seed germination (Table 1) . reported that encapsulation of vegetative propagules and formation of isodiametric beads is influenced by concentration of sodium alginate and calcium chloride. Gel complexation and capsule hardness depends upon optimal ion exchange of Na + and Ca 2+ (Redenbaugh et al., 1991) . Hence, 3% sodium alginate with 100 mM calcium chloride was used for bead formation in further experiments. Almost similar observations were made by Rai et al. (2008) in guava, Ray and Bhattacharya (2008) in Rauvolfia serpentine, Sarkar et al. (1998) in potato, Naik et al. (2006) in pomegranate and Ganapathi et al. (1992) in banana. In some studies sodium alginate is replaced by chitosan (Tay et al., 1993) or polyethylene (Kersulec et al., 1993) . Matrix of synthetic seed mimics endosperm of Natural seed. Artificial endosperm should contain nutrients to maintain survival (Antonietta et al., 1999) .
Effect of treatment time of sodium alginate and CaCl 2
Shoot tips and nodal segments were placed for different time durations in different concentrations of sodium alginate. 3% sodium alginate is ideal for artificial seed formation; however, duration of sodium alginate treatment has no effect on bead formation. In case of CaCl 2 , time period is crucial. With 100 mM CaCl 2, treatment time of 15 min is suitable for isodiametric bead formation (Table 2 and Figure 1 and 2). If time for treatment is decreased fragile beads were formed and they were difficult to handle further. If time for treatment is increased from 15 to 20 to 25 min, beads became very hard, explant dried and died. There was no germination in that case. This may be due to the dehydration of beads and explants as well.
Pretreatment and germination of synthetic seeds
Before germination, synthetic seeds were given selfbreaking treatment by dipping the synthetic seeds in 200 mM potassium nitrate solution for 5 min and rinsing in sterile water for 2 min. The synthetic seeds treated with KN0 3 germinated earlier than seeds without pretreatment with KNO 3 (Figure 3 ). It took 30 days for sprouting when synthetic seeds were not subjected to pretreatment and germinate with in one week when treated with 200 mM KNO 3 . Seeds swell up after treatment with KNO 3 which increases the ease in sprouting of seeds (Onishi et al., 1994) .
Effect of different media on plantlet development from synthetic seeds
Encapsulated shoot tips and nodal segments showed shoot formation after one week of inoculation on different growth media. Among different media used, maximum conversion of shoot tips and nodal segments was observed (100%) in A 2 medium (liquid MS medium containing 1.0 mg l -1 BAP), followed by 90% in A 1 medium and 83.3% in A 3 medium (Table 3) . Gelling matrix of the artificial seed mimics the endosperm of the natural seeds . When full strength liquid MS medium (A 1 , A 2 , A 3 ) was compared with the full strength solid MS medium (A 4 , A 5 , A 6 ) with or without any growth regulator for the conversion of shoot tips and nodal segments, it was found that in liquid medium frequency of conversion was high (Table 3 ) and earlier but shoots were weak and leaves were also small in size. Root formation took place after 15 days of shoot formation without addition of any growth regulator for root formation (Table 3, Figure 4 ). In many other species, similar results have also been reported by Rai et al. (2008) , Naik and Chand (2006) .
Effect of storage duration on synthetic seed germination and to plantlet conversion
Shoot tips and nodal segments, stored at 4°C for different durations, when inoculated on A 2 medium, showed different frequencies and days for plantlet conversion. Without any storage Encapsulated nodal segments (EPNS) and Non-encapsulated nodal segments (NEPNS) showed 100% conversion frequency but NEPNS germinated earlier (4 days) than EPNS (5.5 days). There was no significant difference in plantlet conversion of encapsulated shoot tips and nodal segments (Table 4 and Figure 3) . Similarly, Maryama et al. (1997) reported no significant differences in the frequency of bud emergence and shoot growth between apical and nodal segments encapsulated into alginate matrix from some tropical forest trees. Data analysis (Table 4) depicted that frequency to plantlet conversion of synthetic seeds decreased gradually as the storage duration at 4°C increased. After 15, 30, 45 and 60 days of storage, frequencies to plantlet conversion from encapsulated and non-encapsulated segments were 86.6, 63.3, 50, 23.3 60.3, 40, 20.6, and 10%, respectively (Table 4) . Similarly, the conversion frequency of encapsulated nodal segments of Potato (Sarkar and Naik, 1998) , Punica granatum L. (Naik and Chand, 2006) and Psidium guajava L. (Rai et al., 2008 ) also declined markedly following storage at low temperature. The decline in plant recovery from stored encapsulated vegetative propagules may be due to oxygen deficiencies in the calcium alginate bead (Redenbaugh et al., 1991) . After 75 days, encapsulated segments lost their viability completely while non-encapsulated segments have 6% conversion frequency. As the storage time increased the germination time of synthetic seeds was also increased. This indicates that these nodal segments slowly recovered from any damage that occurred during long-term storage (Sujatha and Kumari, 2008) . Explant takes time to recover from cold storage stresses after return to proliferation culture conditions (Ballester et al., 1997; West et al., 2006) .
Conclusion
Artificial seed production along with microprpagation can solve many problems with regeneration of S. rebaudiana which produce tiny and non-viable seeds. The present study suggests that the synthetic seeds with high germination frequency would be useful for commercial scale production of Stevia. In this paper, we report the first successful attempt of the utilization of synthetic seed technology for S. rebaudiana using shoot tips and axillary buds nodal segments from in vitro cultures for encapsulation.
